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Objective To estimate the prevalence and prognosis of proteinuria at enrolment in the 27 intervention clusters of the Community-Level
Interventions for Pre-eclampsia cluster randomized trials.

Methods We identified pregnant women eligible for inclusion in the trials in their communities in four countries (2013-2017). We included
women who delivered by trial end and received an intervention antenatal care visit. The intervention was a community health worker
providing supplementary hypertension-oriented care, including proteinuria assessment by visual assessment of urinary dipstick at the first
visit and all subsequent visits when hypertension was detected. In a multilevel regression model, we compared baseline prevalence of
proteinuria (= 14 or > 2+4) across countries. We compared the incidence of subsequent complications by baseline proteinuria.

Findings Baseline proteinuria was detected in less than 5% of eligible pregnancies in each country (India: 234/6120; Mozambique: 94/4234;
Nigeria: 286/7004; Pakistan: 315/10885), almost always with normotension (India: 225/234; Mozambique: 93/94; Nigeria: 241/286; Pakistan:
264/315). There was no consistent relationship between baseline proteinuria (either =1+ or >2+) and progression to hypertension,
maternal mortality or morbidity, birth at < 37 weeks, caesarean section delivery or perinatal mortality or morbidity. If proteinuria testing were
restricted to women with hypertension, we projected annual cost savings of 153 223981 United States dollars (USS) in India, US$S 9055 286
in Mozambique, US$ 53 181933 in Nigeria and US$ 38828 746 in Pakistan.

Conclusion Our findings question the recommendations to routinely evaluate proteinuria at first assessment in pregnancy. Restricting
proteinuria testing to pregnant women with hypertension has the potential to save resources.
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Introduction

Hypertensive disorders of pregnancy are a leading cause of
maternal and perinatal death and disability worldwide. As
such, antenatal care is devoted in large part to the detection
of pregnancy hypertension and in particular pre-eclampsia.
Pre-eclampsia is the most dangerous form of pregnancy hy-
pertension, being responsible for approximately one quarter
of maternal deaths and serious near-miss morbidities.'

Pre-eclampsia most commonly manifests as hypertension
and proteinuria, so the World Health Organization (WHO)
recommends and considers essential the measurement of
blood pressure and proteinuria at each antenatal care con-
tact.” While antenatal proteinuria testing for pregnancies
at 20 or more weeks gestation has the potential to detect the
proteinuria of pre-eclampsia, such testing at any gestational
age might reveal underlying chronic kidney disease, which is
itself associated with adverse outcomes.

The value of proteinuria testing at antenatal care contacts
for pregnant women without high blood pressure has been

questioned, however. First, WHO, in a discussion of asymp-
tomatic bacteriuria, endorsed the widely-held view that dip-
stick proteinuria testing for pre-eclampsia has low diagnostic
accuracy.” Second, proteinuria testing may be less specific in
very hot climates or during dry seasons when women may
become dehydrated. Third, it is rare for women to present with
proteinuria before the hypertension of pre-eclampsia.’ Fourth,
proteinuria screening may impede progress towards group
antenatal care given the need for privacy and toilet facilities.
Finally, devoting resources to routine proteinuria screening
has been questioned when most antenatal care contacts will
not be associated with proteinuria.*

The Community-Level Interventions for Pre-eclampsia
trials were cluster randomized controlled trials of community
health worker (CHW)-based diagnosis and initial manage-
ment of women with hypertension in pregnancy. The trials
took place in four low- or lower-middle-income settings in
India, Mozambique, Nigeria and Pakistan.’ Proteinuria testing
was performed at baseline for all women and at all subsequent
visits if elevated blood pressure were found. We report the
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incidence of baseline proteinuria as-
sessed at the first visit and the relation-
ship between baseline proteinuria and
hypertension, preterm birth, caesarean
section delivery, and maternal and peri-
natal mortality and morbidity.

Methods

In this exploratory secondary analysis,
we included data from the 27 inter-
vention clusters of the Community-
Level Interventions for Pre-eclampsia
cluster randomized controlled trials
(NCT01911494).° The trials comprised
primary rural clusters: six clusters in
Karnataka state, India (2013-2016); six
clusters in Maputo and Gaza provinces,
Mozambique (2014-2017); five clusters
in Ogun state, Nigeria (2013-2015); and
10 clusters in Sindh province, Pakistan
(2013-2016). The trials were approved
by the research ethics board of the Uni-
versity of British Columbia as the coor-
dinating centre (H12-03497) and within
each country (MDC/IECHSR/2013-
14/A, India; 219/CNBS/13, Mozam-
bique; OOUTH/DA.326/T/1/, Nigeria;
and 2590-Obs-ERC-13, Pakistan). The
protocol is published’® and included
in the authors’ data repository,® along
with the statistical analysis plan and
STROBE (Strengthening the Reporting
of Observational studies in Epidemiol-
ogy) checklist.®

Trial design

We enrolled women aged 12-49 years
in the trials after they had confirmed
their pregnancy and given informed
consent. The intervention was car-
ried out in a community setting and
consisted of community engagement
and a clinical assessment with initial
treatments and referrals to health-care
facilities provided by a CHW. The
CHW was guided by a mobile health
application based on the miniPIERS
Pre-eclampsia Integrated Estimate of
RiSk predictive model in hypertensive
pregnancy. The application, running on
mobile devices (tablet computers), pro-
vided step-by-step guidance on assess-
ment and decision support for triage,
transport and treatment of women with
hypertension or emergency medical
conditions.””

In the trial protocol, visits were
recommended for women at least every
4 weeks before birth. CHWs measured
the women’s blood pressure at every
intervention visit in a standardized
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fashion using a device validated for
use in pregnancy and pre-eclampsia
(3AS1-2" semi-automatic blood pressure
monitor, Microlife, Clearwater, United
States of America).! The CHWSs also
carried out proteinuria screening for all
women at the first intervention visit and
at subsequent visits only if hypertension
were detected. Proteinuria screening
was carried out by visual assessment
of urinary dipsticks. Women in control
clusters received usual care, consisting of
blood pressure measurement (using the
device available) and proteinuria testing
at each antenatal care contact, according
to WHO guidelines.”

The primary outcome measure was
a composite of maternal, fetal and new-
born mortality and serious morbidity,
such as eclampsia or pulmonary oe-
dema. Maternal mortality was measured
to 6 weeks and neonatal mortality to
28 days after birth. Hypertension was a
systolic blood pressure > 140 mmHg or
a diastolic blood pressure >90 mmHg.
Proteinuria was defined in two ways,
as a urinary dipstick result of > 1+ or
> 2+, according to manufacturer’s in-
structions.

Surveillance data were collected by
a separate team, by household survey
(quarterly in Pakistan and 6-monthly in
Mozambique and Nigeria) or a research
registry (India)." In Nigeria, trial sur-
veillance was suspended and the trial
closed after the pilot phase because of
challenges with data collection. In all
countries in the trials the data were
entered directly onto the mobile devices
by the CHWs.

Data entered on mobile devices
were synchronized and stored on the
Research Electronic Data Capture serv-
ers. We transferred de-identified data
from the trial (intervention clusters)
and surveillance data (all clusters) to
the University of British Columbia
Community-Level Interventions for
Pre-eclampsia coordinating centre.
Data management protocols ensured
security (encryption), tracking (user
identification numbers and audit trails)
and synchronization between devices
within the cluster and with the server.

Analysis

For this analysis, we included pregnan-
cies in intervention clusters in which the
woman had received at least one mobile
application-guided (intervention) visit
and delivered by the trial end. Women in
control clusters did not receive interven-
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tion visits, by definition. We excluded
pregnancies in which the woman was
still on follow-up and undelivered to
avoid underestimation of hypertension
and adverse outcomes.

Our analyses included those preg-
nancies with complete information for
variables of interest. We treated inter-
vention clusters in each country as one
cohort for our primary analysis compar-
ing proteinuria prevalence at booking,
that is, the first intervention visit of
the study. We summarized continuous
data by median and interquartile range
and categorical data by number and
proportion. Four-way between-country
comparisons were made by y’-test for
categorical variables, or Kruskal-Wallis
test for continuous variables, as appro-
priate. When comparisons were signifi-
cant, we made pairwise comparisons by
x’-test and Wilcoxon rank sum test, as
appropriate, to ascertain differences
among countries.

We used logistic regression adjust-
ed for country to compare proteinuria
prevalence at the first intervention
visit among countries. To explore
whether proteinuria was related to
pregnancy outcomes within a country,
we matched controls to each woman
with proteinuria according to indi-
vidual characteristics: maternal age,
parity, basic education, gestational age
at enrolment (usually by last menstrual
period), cluster and distance to facil-
ity."? This analysis was not possible in
Nigeria due to the absence of outcome
data. We pooled data and calculated the
overall odds ratios (ORs) for outcomes.
We computed confidence intervals
(CIs) for each outcome via bootstrap-
ping, through 1000 iterations of the
entire matching process. We did this
to quantify variability in matching
as there were many possible control
matches for each case, and to prevent
the results being dependent on which
match was chosen.

We estimated the financial implica-
tions of a strategy of testing proteinuria
only for women with hypertension.
We estimated the number of antenatal
care visits at which proteinuria test-
ing would be avoided by using na-
tional estimates of annual number of
births (India: 24229 725; Mozambique:
1085797; Nigeria: 7329 535; Pakistan:
5945 845)."* We also estimated the in-
cidence of normotension in pregnancy
from population-based estimates of
pregnancy hypertension from the
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Fig. 1. Selection of study participants in the Community-Level Interventions for Pre-eclampsia trial

India Mozambique Nigeria Pakistan
7839 pregnancies 7930 pregnancies 8790 pregnancies 20235 pregnancies
enrolled enrolled enrolled enrolled
1719(21.9%) 3696 (46.6%) pregnancies 1786 (20.3%) pregnancies 9350 (46.2%)
pregnancies excluded excluded from analysis excluded from analysis pregnancies excluded
from analysis « 2945 (37.1%) in women + 110 (1.25%) in women from analysis
« 770 (9.8%) in women who received no who received only « 8496 (42.0%) in
who received no intervention visits postpartum visits women who received
intervention visits + 19(0.24%) in women + 1676 (19.1%) in women no intervention visits
1 .29 (0.37%) in women ™| whoreceived only ™| whowerestillon > 19 (0.09%) in women
who received only postpartum visits follow-up and who received only
postpartum visits + 732(9.2%) in women undelivered at trial end postpartum visits
« 920(11.7%) in women who were still on - 835 (4.1%) in women
who were still on follow-up and who were still on
follow-up and undelivered at trial end follow-up and
undelivered at trial (204 also did not receive undelivered at trial
end (15 women also intervention visits) end (340 also did not
did not receive receive POM visits)
intervention visits)
v v \ v
6120 (78.1%) pregnancies 4234 (53.4%) pregnancies 7004 (79.7%) pregnancies 10885 (53.8%)
eligible for inclusion in this eligible for inclusion in this eligible for inclusion in this pregnancies eligible for
analysis analysis analysis inclusion in this analysis

Note: Data on enrolment were derived from all women who had an intervention antenatal care visit, as trial surveillance data were not available.

trial data (India: 10.3%; Mozambique:
10.9%; Nigeria: 10.2%; Pakistan: 9.3%)"
and an eight-visit antenatal care contact
model as per WHO guidelines.” We
calculated the cost of supplies used for
proteinuria testing from the budgetary
statements of the trials (2013-2017) in
United States dollars (US$), inflated to
2019 USS."

We made four additional sensi-
tivity analyses. We explored whether
between-country differences in protein-
uria were affected by women’s baseline
characteristics: age and parity (in all
countries), maternal basic education
(except in Nigeria) and gestational age
at the first intervention visit. We also
explored the effect of multiple pregnan-
cies by excluding women with more
than one pregnancy (in all countries),
and the effect of antiretroviral therapy
by excluding women with human im-
munodeficiency virus infection (HIV;
in Mozambique). Finally, we estimated
the financial implications of a strategy
of testing proteinuria only for women
with hypertension based on the former
four-visit model.

We performed analyses using R
programming software, version 3.3.2 (R
Foundation for Statistical Computing,
Vienna, Austria).'* P<0.05 was consid-
ered statistically significant.

Results

Of 44794 pregnancies in the trial
clusters, 12211 (27.2%) women did
not receive an intervention visit, 177
(0.4%) did not receive an intervention
visit antepartum and 4163 (9.3%) were
not delivered by the end of the trial.
Therefore 28243 (63.1%) pregnancies
were included in this study (India: 6120;
Mozambique: 4234; Nigeria: 7004; Paki-
stan: 10 885; Fig. 1).

The baseline characteristics of the
included pregnancies differed across
countries (Table 1). At enrolment in the
trials, women in India and Mozambique
were slightly younger than those in
Pakistan and Nigeria. About one-third
of women were nulliparous, except in
Pakistan where the proportion was
closer to one-fifth. Women in India were
enrolled earlier, at the end of the first
trimester, compared with early (Nigeria
and Pakistan) or late (Mozambique)
second trimester in the other countries.
Levels of maternal education were low,
particularly in Pakistan. The prevalence
of HIV-positivity was 23.0% (972/4234)
in Mozambique, the only country where
this was measured, and the majority of
HIV-positive women were on antiret-
roviral therapy. There were few women
with multiple pregnancies, although
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more in Mozambique. Women in all
countries delivered at a median of
39 weeks, although slightly earlier in
Pakistan. The trials’ data did not include
information about smoking, body mass
index or prior pre-eclampsia (due to
low health literacy of the mothers). In
all countries, women who received an
intervention visit(s) were similar at
baseline to those who did not, although
gestational age at enrolment in the trials
was 2—4 weeks earlier (data repository);°
information was unavailable in Nigeria.

The frequency and quality of in-
tervention antenatal visits has been
previously reported.' In brief, most
intervention visits began 2-4 weeks
after enrolment in the trials (except in
Nigeria where there was a larger delay)
and at <20 weeks in most pregnancies
in India, just under half in Pakistan, and
a distinct minority in Mozambique and
Nigeria (Table 2). This resulted in more
intervention visits in India than in the
other countries. Proteinuria screening
was undertaken at the first intervention
visit for more than90.0% of pregnan-
cies in each country, and at subsequent
antenatal visits for more than 90.0%
of pregnancies with hypertension de-
tected, except in Nigeria where it was
80.7% (Table 2). Each country team
chose a different type of proteinuria test
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Table 1. Characteristics of women in the Community-Level Interventions for Pre-eclampsia trials who received one or more intervention
visits and had delivered by end of the trial, 2013-2017
Variable India Mozambique Nigeria Pakistan P
(n=6120) (n=4234) (n=7004) (n=10885)

Maternal age, median years (IQR) 23 (20-25) 23 (19-30) 27 (23-31) 28 (25-30) <0.001
Missing values (%) 0(0.0) 46 (3.4) 10(0.1) 22(0.2) NA

Nulliparous, no. (%) 2(36.1) 1280 (30.2) 2159 (30.6) 2476 (22.7) <0.001

Maternal basic education, no. (%)° 3545 (57.9) 2474 (584) NAC 2482 (22.8) <0.001

HIV-positive by maternal report, NA 972 (23.0) NAC NA? NA

no. (%)

Received antiretroviral therapy for NA 839 (86.3) NA® NA NA

HIV, no. (% of HIV-positive)

Multiple pregnancies, no. (%) 53(0.9) 105 (2.5) NAC 86 (0.8) <0.001

Gestational age at trial enrolment, 104 (7.9-14.1) 25.1(19.5-30.9) 16.6 (13.4-18.4) 18.7 (13.6-24.6) <0.001

median weeks (IQR)

Gestational age at delivery, 39.0 (38.0-40.0) 39.3(37.3-41.0) 39.3 (37.4-40.7) 38.6 (36.1-40.7) <0.001

median weeks (IQR)

HIV: human immunodeficiency virus; IQR: interquartile range; NA: not applicable.

2 P-value was based on comparisons of all groups by Kruskal-Wallis test for continuous variables, and y*-test for categorical variables, as appropriate.

® Maternal basic education was defined as 8 years or more of schooling (India), achievement of grade 5 or above (Mozambique) and 5 years or more of schooling
(Pakistan).

¢ Trial surveillance data were not available for Nigeria.

9 Questions about HIV and antiretroviral therapy were not asked in India and Pakistan.

Notes: n is the total number of pregnancies included in this analysis. At intervention visits women received a clinical assessment by a community health worker guided

by a mobile health application, including dipstick proteinuria assessment at the first community-level visit and all subsequent visits when hypertension was detected.

Table 2. Quality and nature of antenatal visits in the Community-Level Interventions for Pre-eclampsia trial in pregnancies in
intervention clusters, 2013-2017

Variable India Mozambique Nigeria Pakistan P
(n=6120) (n=4234) (n=7004) (n=10885)

Total no. of antenatal visits 48030 18425 21507 38377 NA

No. of antenatal intervention visits 8.0(3.0-12.0) 4.0 (2.0-6.0) 2.0(1.0-4.0) 3.0(2.0-5.0) <0.001

per pregnancy, median (IQR)
Gestational age at first
intervention visit, median weeks
(IQR)

Firstintervention visit at < 20
weeks gestation, no. (%) of
pregnancies

134 (9.5-20.1) 27.1 (22.4-32.6) 27.7 (22.1-33.1) 219(16.4-284) <0.001

4523 (73.9) 638 (15.1) 1141 (16.3) 4432 (40.7) <0.001

First intervention visit at > 20 1539 (25.1) 3553(83.9) 5703 (81.4) 6413 (58.9) <0.001
weeks gestation, no.(%) of

pregnancies

Gestational age uncertain, no. (%)
of pregnancies

Proteinuria measured at first
intervention visit, no. (%) of
pregnancies

Proteinuria measured at
subsequent intervention
antenatal visits for hypertension,
no. (%) of visits with hypertension

58 (0.9) 43 (1.0) 160 (2.3) 40 (0.4) NA

5676 (92.8) 4143 (97.9) 6372 (91.0) 10769 (98.9) NA

373/409 (91.2) 107/113 (94.7) 175/217 (80.7) 235/243 (96.7) NA

Type of proteinuria dipstick used®

Mission®
Urinalysis strips

Medi-Test Protein
2 strips

Urine Instalest strips

Uristix® strips NA

IQR: interquartile range; NA: not applicable.

¢ P-values were based on comparisons of all groups by the y’-test.

b Mission® Urinalysis strips, ACON Laboratories, San Diego, United States of America; Urine InstaTest strips, Cortez Diagnostics, Woodland Hills, USA; Medi-Test Protein 2
strips, BHR Pharmaceuticals, Nuneaton, United Kingdom of Great Britain and Northern Ireland; Uristix® strips, Siemens, Erlangen, Germany.

Notes: n is the total number of pregnancies included in this analysis. At intervention visits women received a clinical assessment by a community health worker guided

by a mobile health application. The trial protocol specified that proteinuria should be measured at the first intervention visit, and then at subsequent visits at which the

woman was hypertensive. In Nigeria, proteinuria was measured at many subsequent visits regardless of blood pressure status (12796/21354 pregnancies, 59.9%).
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Table 3. Prevalence of proteinuria at the first antenatal intervention visit in the Community-Level Interventions for Pre-eclampsia trial
and relationship with adverse outcomes, 2013-2017

Variable No. (%) of pregnancies P
India Mozambique Nigeria Pakistan
(n=6120) (n=4234) (n=7004) (n=10885)
Proteinuria
Total > 1+ 234 (3.8) 94 (2.2) 286 (4.1) 315 (2.9) <0.001°
1+ 120 (2.0) 53(1.3) 211 (3.0) 258 (2.4)
> 2+ 114 (1.9) 41 (1.0) 75(1.1) 57(0.5)
Negative or trace 5442 (88.9) 4049 (95.6) 6086 (86.9) 10454 (96.0)
Not assessed at first visit 444 (7.3) 91(2.2) 632 (9.0) 116 (1.1)
Blood pressure measurements
No. of pregnancies with blood 234 94 286 315 NA
pressure measured
Total with hypertension (%) 7 (3.0) 1(1.1) 42 (14.7) 50 (15.9) <0.001
Proteinuria 1+ 4 1 16 31
Proteinuria > 2+ 3 0 27 19
Total with normotension (%) 225(96.2) 93(98.9) 241 (84.3) 264 (83.8) <0.001
Proteinuria 1+ 115 52 194 227
Proteinuria > 2+ 110 41 47 37
Not measured (%) 2(0.9) 0(0.0) 3(1.0) 1(0.3)

NA: not applicable.

¢ Our sensitivity analysis after adjusting for maternal characteristics revealed lower incidence of proteinuria > 1+ when adjusted for age, parity and gestational age
at first intervention visit (odds ratio, OR: 0.54; 95% confidence interval, Cl: 0.45-0.66) in Pakistan; OR: 0.41 (95% Cl: 0.32-0.54) Mozambique; and (OR: 0.76 (95% Cl:
0.61-0.94) Nigeria) or with addition of level of education available in Mozambique (OR: 0.41; 95% Cl: 0.31-0.54) and Pakistan (OR: 0.53; 95% Cl: 0.43-0.66).

Notes: n is the total number of pregnancies included in this analysis. Inconsistencies arise in some values due to rounding.

strip, although all were assessed visu-
ally according to each manufacturer’s
instructions; India and Mozambique
used a multitest strip, whereas Nigeria
and Pakistan used strips that had one
additional test (glucose).

At the first intervention visit, dip-
stick proteinuria was 1+ or above in less
than 5% of pregnancies in all countries
(India: 234/6120, 3.8%; Mozambique:
94/4234, 2.2%; Nigeria 286/7004, 4.1%;
Pakistan: 315/10 885, 2.9%; Table 3).
The prevalence of proteinuria > 1+ was
significantly different across countries
(P<0.001); it was highest in Nigeria,
followed by India and then Pakistan,
with the lowest prevalence in Mozam-
bique. The ratio of pregnancies with 1+
proteinuria (as opposed to >2+) varied
substantially from 5:1 in Pakistan to 1:1
in India (Table 3). However, in sensitiv-
ity analyses, adjustment for maternal
characteristics and gestational age at
the first intervention visit revealed that
all countries had a lower prevalence
of baseline proteinuria compared with
India (Table 3).

In most of the pregnancies with
proteinuria, the women were normoten-
sive at the first intervention visit in each
of the four countries (India: 225/234;
Mozambique: 93/94; Nigeria: 241/286;

Pakistan: 264/315; Table 3). Among
women who were normotensive at their
first visit, those with proteinuria had
similar pregnancy outcomes, progres-
sion to hypertension, and maternal and
perinatal mortality and morbidity com-
pared with those without proteinuria
(Table 4 and data repository).® While
the 95% CIs around the OR for these
events were wide, the percentages were
similar, with no consistent patterns of
increasing proportions of pregnancies
with adverse outcomes with increas-
ing proteinuria (data repository).® The
results were similar when women with
multiple pregnancies or those known
to be HIV-positive were excluded in
sensitivity analyses (data repository).°
We estimated that at the national
level in the trial countries, there would
be large numbers of antenatal care visits
at which proteinuria testing would not
be undertaken if restricted to women
with hypertension (annually number
of visits in India: 173 872 507; Mozam-
bique: 7739561; Nigeria: 52655 379;
Pakistan: 43143 051). The cost of sup-
plies for a proteinuria assessment in the
trial was approximately US$ 1 in each
country (India: US$ 0.91; Mozambique:
US$ 1.17; Nigeria: US$ 1.01; Pakistan:
US$ 0.90; Table 5). We projected large
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annual cost savings by screening for
proteinuria only when hypertension
was found (India: US$ 153223981;
Mozambique: US$ 9 055 286; Ni-
geria: US$ 53 181 933; Pakistan:
US$ 38828746). In a sensitivity analy-
sis based on a four-visit antenatal care
model, projected cost savings were still
substantial: India: US$ 86936253 visits
annually; Mozambique: US$ 3869 781;
Nigeria: US$ 26 327 690; Pakistan:
US$ 21571525.

Discussion

In almost 30000 pregnancies from 27
intervention clusters in sub-Saharan
Africaand South Asia, we demonstrated
a very low prevalence of dipstick pro-
teinuria by visual assessment soon after
antenatal care booking. The prevalence
of proteinuria in each country was
related to maternal characteristics and
gestational age at booking. Few women
with baseline proteinuria had hyperten-
sion at the first intervention visit and
among those with blood pressure in the
normal range, there was no compelling
relationship between baseline protein-
uria and adverse pregnancy outcomes.

Previous studies of proteinuria
screening have focused on its role in
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Table 4. Relationship between proteinuria and adverse outcomes for 21239 women with proteinuria without hypertension at their first
intervention antenatal visit in the Community-Level Interventions for Pre-edlampsia trial, 2013-2017

Variable No. (%) of pregnancies OR (95% CI)

No proteinuria  Proteinuria > 1+ Proteinuria = 2+ Proteinuria defined  Proteinuria defined

(n=19556) (n=394) (n=188) as=>1+ as =2+

Progression to hypertension 1654 (8.5) 37(94) 22 (11.7) 1.37(0.53-3.51) 1.19(0.3-4.78)
Maternal death or morbidity® 1862 (9.5) 61 (15.5) 5(8.0) 0.98 (0.38-2.55) 0.88 (0.12-6.34)
Death 1845 (94 59 (15.0) 4(7.5) NA NA
Morbidity 36 (0. 2(0.5) 1(0.5) 0.98 (0.38-2.55) 0.88 (0.12-6.34)
Birth at <37 weeks 4882 (25.0) 88 (22.3) 47 (25.0) 1.10 (0.58-2.07) 1.36 (04— 4.59)
Caesarean delivery 3186 (16.3) 60 (15.2) 25(13.3) 0.77 (0.36-1.65) 0.72(0.19-2.78)
Perinatal or neonatal 3164 (16.2) 73(18.5) 30(16.0) 0.86 (0.45-1.66) 1.01(0.28-3.63)
morbidity
Perinatal mortality 1505 (7. 26 (6.6) 16 (8.5) 0.95 (0.32-2.82) 2.02 (0.22-18.44)
Stillbirth 729 (3. 12 (3.1) 10(5.3) 0.99 (0.23-4.26) 2.95 (0.09-102.31)
Early neonatal death 639 (3. 10 (2.5) 5(2.7) 0.70 (0.12-4.28) 1.07 (0.04-28.98)
Neonatal morbidity 2001 (10.2) 54 (13.7) 16 (8.5) 0.80 (0.36-1.76) 0.63 (0.13-3.03)

Cl: confidence interval; NA: not applicable; OR: odds ratio.

@ Morbidity included eclampsia and pulmonary oedema.

Notes: n is the total number of pregnancies included in the analysis. These analyses reflect data from India (6120 women), Pakistan (10885 women) and Mozambique
(4234 women), as trial surveillance data were not available in Nigeria.

Table 5. Costs of supplies used for proteinuria assessment in the Community-Level
Interventions for Pre-eclampsia trial, 2013-2017

Item India Mozambique Nigeria Pakistan
Urinary dipsticks

Cost of 100 dipsticks, US$® 13.23 37.50 2240 11.84
Cost of 100 dipsticks, 2019 USS$ 14.44 40.27 2444 12.92
Cost/dipstick, 2019 US$ 0.14 0.40 0.24 0.13
Testing cups

Cost of 500 cups, US$ 219.38 219.38 219.38 219.38
Cost of 500 cups, 2019 US$ 23557 23557 235.57 235.57
Cost per cup, 2019 US$ 047 047 047 047
Gloves

Cost of 100 gloves, US$ 13.78 13.78 13.78 13.78
Cost of 100 gloves, 2019 US$ 14.80 14.80 14.80 14.80
Cost per pair of gloves, 2019 0.30 030 0.30 0.30
uss

Cost per proteinuria assessment, 0.91 1.17 1.01 0.90
2019 USS

USS: United States dollar.

@ Table 2 shows the type of dipstick used in each country.
Notes: Dipsticks, cups and gloves were purchased in 2013 in India, Pakistan and Nigeria and 2014 in
Mozambique. We calculated the costs in USS for 2019 using calculator available at: https://www.usinflation

calculator.com/

pre-eclampsia diagnosis in women with
hypertension, rather than the added
value of proteinuria screening when
blood pressure is normal. Even WHO
regards routine baseline assessment and
ongoing surveillance of proteinuria test-
ing as good practice without the need for
evidence review.” Our findings suggest
otherwise.

Our measure of baseline protein-
uria may reflect chronic kidney disease,
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pre-eclampsia (for women assessed at
gestational age >20 weeks) or another
process, such as dehydration, vaginal
contamination, urinary tract infection,
exercise or orthostatic proteinuria.
Chronic kidney disease complicates up
to 3% of pregnancies.'”'® Our results are
consistent with this estimate, although
we have inferred the possibility of
chronic kidney disease from baseline
proteinuria, rather than the accepted

diagnostic tests in pregnancy that are
not performed routinely anywhere (se-
rum creatinine, quantitative proteinuria
evaluation and urinalysis). Estimated
glomerular filtration rate is inaccurate
in pregnancy.'”?® Although chronic
kidney disease in pregnancy is mostly
mild, it is still associated with adverse
pregnancy outcomes.”’ As we were
unable to demonstrate a relationship
between baseline dipstick proteinuria
and adverse pregnancy outcomes among
almost 30000 pregnancies, it may be
that the relationship between chronic
kidney disease and adverse outcomes
is different in our study settings. More
likely, dipstick proteinuria has such low
diagnostic accuracy for true proteinuria
and underlying chronic kidney disease
that it is not a useful test.?

We were unable to estimate the in-
cidence of new proteinuria without hy-
pertension, which has been documented
by others to be low (0.5% to 1.9%) in
unselected pregnancies.>” Most of these
women (75.3%) did not develop hy-
pertension indicative of pre-eclampsia.
In our trials, the number-needed-to-
screen by blood pressure measurement
to detect pregnancy hypertension is
10 women (80 visits). In contrast, the
number-needed-to-screen by dipstick
proteinuria to detect proteinuria that
will progress to pre-eclampsia is at least
213-769 women (1704-6152 visits)
as these women will of course also be
screened with blood pressure measure-
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ment. These calculations are based on an
incidence of pregnancy hypertension of
about 10%,'* gestational proteinuria of
0.5-1.9% in unselected pregnancies,>*
progression of gestational proteinuria
to pre-eclampsia of 24.7% of pregnan-
cies,”” and an eight-contact antenatal
care model” in which all women undergo
blood pressure measurement and pro-
teinuria screening at each contact.

We believe the practice of protein-
uria screening among normotensive
women in pregnancy should be ques-
tioned. First, there is the high volume
and cost of testing to detect one woman
with isolated proteinuria and normal
blood pressure. Second, our findings
suggest there is no compelling relation-
ship between isolated baseline protein-
uria and adverse outcomes. Third, after
the booking visit, there is no evidence
that subsequent antenatal care contacts
with proteinuria testing (versus those
without) result in superior outcomes.
Finally, more than 80% of proteinuria
occurs in the third trimester.”

We have demonstrated that screen-
ing for proteinuria only in the presence
of hypertension could be undertaken
to inform a diagnosis of pre-eclampsia.
This practice would not increase the
incidence of pre-eclampsia, as most
women in our trials presented with
non-severe, gestational hypertension.'
Importantly, however, this practice
could be associated with large cost sav-
ings for health systems in low-resource
settings.'* Although the cost of each
proteinuria screen is low (about US$ 1),
the use of dipstick screening at each
antenatal care contact for each woman
results in a large cumulative sum. In line
with the Choosing Wisely movement, it
is reasonable to ask whether those funds
could be used in other ways to optimize
outcomes.*

The strengths of our study include
evaluation of a large number of women
in four low-resource sub-Saharan and
south Asian countries. We estimated
baseline proteinuria prevalence inde-
pendent of hypertension, and consid-
ered the utility of this measurement
using common definitions of dipstick
proteinuria.

Some limitations of our study in-
clude having proteinuria measurements
from most but not all women, from
bookings only in community care and
not at subsequent antenatal care visits
by women with normotension, and from
measurements by CHWs. We do not
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know how many women initially tested
negative for proteinuria but later devel-
oped isolated proteinuria. However, it is
unlikely that we missed earlier presenta-
tions of pre-eclampsia, as the incidence
of gestational hypertension in our trials
(6.5-8.4%)'* was as high as in settings
where antenatal care contacts are fre-
quent. Second, we had data only on basic
maternal characteristics for adjusted
analysis of proteinuria prevalence. As is
typical in the settings where we carried
out the trials, no reliable information
was available on women’s past history
of chronic hypertension or renal disease
to differentiate prior renal disease from
pre-eclampsia (if booking occurred after
20 weeks). We had no information on
the type of antiretroviral therapy taken
by women with HIV (although exclusion
of HIV-positive women left the results
unchanged). We also had no direct mea-
sure of dehydration or any information
on whether women were dehydrated
due to manual labour occupations or
a lack of toilet facilities. Third, while
the 95% ClIs were wide around our out-
come estimates, we must question the
importance of an effect that cannot be
demonstrated among more than 30 000
women. The relationship between base-
line proteinuria and adverse outcomes
would only have been strengthened by
the fact that more than 50% of women
in Pakistan and most women in Mozam-
bique booked after 20 weeks, as their
baseline proteinuria could have reflected
pre-eclampsia. Finally, we illustrated
potential health system cost savings of
a strategy of proteinuria testing only
in pregnant women with hyperten-
sion. However, we did not undertake a
formal cost-consequences analysis and
we acknowledge that government bulk
purchase of testing supplies may lower
costs. Also, while our calculations were
based on an eight-visit antenatal care
model, we estimate that a four-visit
model would still be associated with
substantial numbers of proteinuria
assessments avoided in normotensive
pregnancy and cost savings.

In conclusion, our findings do not
support the usefulness of proteinuria
screening at the first assessment in
pregnancy. This practice should be re-
evaluated and robust health economic
studies undertaken, to avoid unneces-
sary tests and treatments that fail to
add value to care, consume resources
and may cause harm through follow-up
investigation and worry for women.* ll
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Résumé

Données sur I'ensemble de la population concernant le dépistage prénatal de la protéinurie en Inde, au Mozambique, au

Nigeria et au Pakistan

Objectif Estimer la prévalence et le pronostic de la protéinurie au
moment de l'inscription dans I'un des 27 groupes repris dans les essais
randomisés en grappes sur les interventions communautaires liées a
la prééclampsie.

Méthodes Nous avons sélectionné des femmes enceintes remplissant
les conditions requises pour les essais menés au sein de leur
communauté dans quatre pays (2013-2017). Nous avons inclus des
femmes ayant accouché au terme de I'essai et ayant fait I'objet d'une
consultation prénatale avec intervention. Lintervention était menée
par un professionnel de santé communautaire prodiguant des soins
complémentaires en lien avec I'hypertension, dont un contréle de la
protéinurie par examen visuel d'une bandelette réactive trempée dans
les urines lors de la premiere visite, ainsi que lors des visites qui suivent
tout diagnostic d'hypertension. Nous avons employé un modele de
régression multiniveaux pour analyser la prévalence initiale de la
protéinurie (> 14 ou >24) dans les différents pays. Enfin, nous avons

comparé l'incidence des complications ultérieures en fonction de la
protéinurie initiale.

Résultats La protéinurie initiale a été détectée chez moins de 5% des
grossesses étudiées dans chaque pays (Inde: 234/6120; Mozambique:
94/4234; Nigeria: 286/7004, Pakistan: 315/10885), et allait presque
toujours de pair avec une tension artérielle normale (Inde: 225/234;
Mozambique: 93/94; Nigeria: 241/286; Pakistan: 264/315). Nous n'avons
identifié aucun lien concluant entre la protéinurie initiale (qu'elle soit >
T4 ou > 24) et une progression vers de I'hypertension, une mortalité
ou morbidité maternelle, une naissance avant 37 semaines, un
accouchement par césarienne, ou encore une mortalité ou morbidité
périnatale. Si les tests de dépistage de protéinurie étaient réservés aux
femmes souffrant d'hypertension, les économies réalisées chaque
année représenteraient 153 223 981 dollars américains en Inde, 9 055
286 dollars américains au Mozambique, 53 181 933 dollars américains
au Nigeria et 38 828 746 dollars américains au Pakistan.
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Conclusion Nos résultats remettent en question les recommandations
selonlesquelles il convient de controler réguliérement la protéinurie des
le premier bilan de grossesse. Limiter les tests aux femmes enceintes
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souffrant d'hypertension pourrait potentiellement permettre de
ménager les ressources.

Pesiome

[laHHble Ha NONYNALMOHHOM YPOBHE Mo JOPOAOBOMY CKPUHUHTOBOMY 06C/1IefOBaHMIO Ha MPOTEUHYPUIO:

Nupna, Mosamb6uk, Hurepus, Nakncrax

Llenb OueHnTb PacnpOCTPaHEHHOCTb 1 MPOTrHO3 MPOTEVHYPUM Ha
MOMEHT BKJIIOUEHVA B UCCNEA0BAHME Y MALMEHTOK, BOLUEAWWX MO
27 KnacTepam BMELLaTeNbCTB B PAHAOMM3MPOBaHHbIE MCCef0BaHA
no Knactepy npesknamncum «Mepbl BMeLWwaTenbCTBa Ha YPOBHE
COODBLLECTB.

Metopb! ABTOpbI Onpeaennv bepemeHHbIX KeHLLUMH, MOAXOAALINX
[NA BKIIOYEHVA B MCCNEAOBAHMA B UX COOOLLECTBAX B YeTblpex
CTpaHax (2013-2017 rr.). PaccMaTprBanmnCh XeHUUHbl, KOTOpble
POANAM K KOHLY WCCNEeOBaHNA U K KOTOPbIM MPUMEHANNCH
onpefeneHHble BMeLLaTeNbCTBA B XOAE BU3WMTa C LIEMNbIO MOSTyYeHNA
0POAOBON NomowM. Mepbl BMeLaTenbCTBa 3aknouanich B TOM,
UTO MECTHBIVI MEAVUMHCKIY PAabOTHYMIK OKa3blBas JOMONHUTENBHYIO
MOMOLLb, OPUNEHTVPOBAHHYIO Ha MMMNEPTEH3MIO, BKIIOUAA OLEHKY
NPOTEVNHYPUN, C MOMOLLbIO BU3YaNbHOW OLEHKN NONOCKM ANA
aHanM3a MOYM NPU NEPBOM MOCEWEHWM U BO BPEMA BCEX
nocnenyowmnx noceleHrin Npu obHapyxeHu runepteHsum. B
MHOTFOYPOBHEBOWM PErpeccMoHHON MOAENN aBTOPbLI CPABHMUAN
NCXOAHYIO PaCNPOCTPAHEHHOCTb NPOTEUHYPUN (=14 nnn >2+) 8
yeTblpex CTpaHax. ABTOPbI Takke CPaBHWM YaCTOTy NOCNeYOWMX
OC/IOKHEHNI C 6a30BbIM YPOBHEM MPOTENHYPUN.

Pesynbratbl VicxonHas npoTenHypus Obina oOHapyKeHa MeHee
yem y 5% nopxofaumx bepeMeHHOCTeN B Kaxaoi ctpare (MHans:
234/6120; Mo3ambuk: 94/4234; Hurepus: 286/7004, MakucTtaH:
315/10885) 1 noyTy BCerga ConpoBOXaanacb HopMoTeH3uel (MHana:
225/234; Mo3ambuk: 93/94; Hurepus: 241/286; MNMakucTtaH: 264/315).
OTcyTCTBOBaNA YCTOMUYMBAA B3aMMOCBA3b MEXIY MCXOLHOM
npoTenHypuen (=1+ nnn =24) 1 Nepexofom B rmnepTeH3nio,
MaTePUHCKOM CMEPTHOCTBIO MM 3a00/1€BaEMOCTbIO, POXAEHNEM Ha
Cpoke <37 HefieNb, POAOPA3PELLIEHVEM MyTeM KecapeBa CeYeHus,
nepunHaTanbHON CMePTHOCTbIO UK 3aboneBaemMoCTbio. Ecau Obl
TeCTVpOBaHMe NPOTEUHYPUM OFPaHNYMBANOCh KeHLMHAMK C
rYnepTeH3vel, To BO3MOXHO Oblno Obl CMPOrHO3MPOBATL EXXErOAHYI0
3KOHOMMIO 3aTpaT B pa3mepe 153 223 981 ponnapa CLIA (US
$) B WHawum, 9 055 286 gonnapos CLA B Mo3ambuke,
53181 933 ponnapos CLUA B Hurepun n 38 828 746 nonnapos CLUA
B [akuncTaHe.

BbiBog [lonyyeHHble pe3ynbTaThl CTABAT NOA COMHEHUE
peKoMeHIauUnm No PerynapHon OUeHKe NPOTEMHYPUM NPY NePBOWA
oueHke bepeMeHHOCTV. VccnenosaHve Ha MPOTEVHYPUIO TOMBKO
Tex BepeMeHHbIX KeHLUWH, Y KOTOPbIX HabnoaaeTca rmnepreHsms,
MOXET C3IKOHOMUTb PECYPChl.

Resumen

Datos a nivel de la poblacion sobre el cribado prenatal para detectar la proteinuria en la India, Mozambique, Nigeria y Pakistan

Objetivo Estimar la prevalencia y el pronéstico de la proteinuria al
momento de la inscripcién en los 27 grupos de intervencion de los
ensayos aleatorizados del grupo de intervenciones a nivel comunitario
para la preeclampsia.

Métodos Se identificaron mujeres embarazadas que cumplian los
requisitos para participar en los ensayos en sus comunidades en
cuatro paises (2013-2017). Se incluyeron las mujeres que tuvieron un
parto al final del ensayo y recibieron una visita de atencion prenatal de
intervencion. Esta intervencion consistié en un profesional sanitario
de la comunidad quien presté atencién suplementaria centrada en la
hipertension, incluida la evaluacion de la proteinuria a través del anlisis
visual de la tira reactiva de orina en la primera visita y en todas las visitas
posteriores si se presentaba hipertension. En un modelo de regresion
multinivel, se comparé la prevalencia del valor basal de la proteinuria
(> 140> 2+) entodos los pafses. Luego, se comparé la incidencia de las
complicaciones posteriores en funcién del valor basal de la proteinuria.

Resultados El valor basal de la proteinuria se detecté en menos
del 5% de los embarazos que cumplian los requisitos en cada pafs
(India: 234/6120; Mozambique: 94/4234; Nigeria: 286/7004, Pakistan:
315/10 885), la mayorfa de las veces con una tension arterial normal
(India: 225/234; Mozambique: 93/94; Nigeria: 241/286; Pakistan:
264/315). No se observo una relacién coherente entre el valor basal de
la proteinuria (ya sea > 1+ 0 > 2+) y la progresion a la hipertension, la
mortalidad o morbilidad materna, el nacimiento a las < 37 semanas, el
parto por cesdrea o la mortalidad o morbilidad perinatal. Si la prueba
de proteinuria se limitara a las mujeres con hipertension, se calcularian
ahorros anuales de 153 223 981 dolares estadounidenses (USD) en la
India, 9 055 286 USD en Mozambique, 53 181933 USD en Nigeria y
38828 746 USD en Pakistan.

Conclusion Los resultados cuestionan las recomendaciones de evaluar
la proteinuria de forma rutinaria en la primera evaluacién durante el
embarazo. Limitar la prueba de proteinuria a las mujeres embarazadas
con hipertension podria suponer un ahorro de recursos.
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